A novel rod-shaped, Gram-stain-negative, aerobic bacterium, designated S35
The genus Alteromonas is a member of the class Gammaproteobacteria. It was originally described and named by Baumann et al. [1] , characteristically as Gram-negative, marine, aerobic and heterotrophic, with a single polar flagellum [1, 2] . The genus Alteromonas consists, at the time of writing, of 14 validly named species (http://www.bacterio. net/alteromonas.html). These species were isolated from various marine sources, such as marine organisms [3] , tidal flat [4] , hypersaline water [5] , marine sediment [6] [7] [8] and seawater samples [9] [10] [11] [12] [13] . In this study, a novel Alteromonas strain was isolated from deep-sea sediment of the Pacmanus hydrothermal field, Manus Basin, Papua New Guinea, and investigated by using a polyphasic taxonomic analysis combined with traditional and contemporary identification techniques.
Strain S35
T was isolated from deep-sea sediment (depth 1851 m) of the Pacmanus hydrothermal field (151 40¢ 37.970¢¢ E 3 44¢ 03.222¢¢ S). Strain S35 T was isolated after aerobic incubation on a 2216E marine agar (2216EMA; Haibo) plate at 28 C for 5 days, and a pure culture was obtained after three successive transfers to fresh medium. The bacterium was stored at À80 C in 2216E marine broth (2216EMB) supplemented with 20 % (v/v) glycerol. Alteromonas mediterranea DSM 17117 T , Aestuariibacter halophilus DSM 15266 T and Alteromonas lipolytica CGMCC 1.15735 T were used as reference strains for phenotypic characterization, fatty acid analysis and DNA-DNA hybridization experiments. Alteromonas mediterranea was cultivated on 2216EMA at 28 C, while Alteromonas lipolytica and Aestuariibacter halophilus were cultivated on 2216EMA at 30 C.
The 16S rRNA gene of strain S35 T was amplified by PCR using the universal primers B27F (5¢-AGAGTTTGA TCCTGGCTCA-3¢) and B1492R (5¢-GGCTACCTTGT-TACGACTT-3¢) [14] . An almost-complete 16S rRNA gene sequence of strain S35 T (1473 bp) was obtained after PCR amplification, and the sequence was submitted to GenBank (accession number MF687202). The 16S rRNA gene sequence was analysed via the EzTaxon-e service [15] , and based on these results, phylogenetic trees were reconstructed by the neighbour-joining [16] , minimum-evolution [17] and maximum-likelihood [18] methods in the software MEGA 6 [19] . Evolutionary distances were calculated using Kimura's two-parameter model [20] . The topologies of the trees were evaluated with the bootstrap resampling method based on 1000 replications.
The cell morphology of strain S35
T after 24 h of culture on 2216EMA was observed by light microscopy and transmission electron microscopy. For flagellation observation, cells from an exponentially growing culture were examined by transmission electron microscopy after being negatively stained with 1 % (w/v) phosphotungstic acid. Cell motility was confirmed by the hanging-drop method [21] . The Gram reaction test was performed with a Gram stain kit (Haibo) according to the manufacturer's instructions. Catalase and oxidase activities, and hydrolysis of casein and starch were tested as reported previously [22] . Hydrolysis of Tweens 20, 40, 60 and 80 was examined on 2216EMA plates with the corresponding substrates. Sensitivity to antimicrobial agents was tested using drug-sensitive slips (Hangwei) containing one of 30 antibiotics.
To determine the optimal conditions for growth, strain S35
T was cultured at different temperatures, NaCl concentrations and pH. The temperature range for growth was determined by incubating the bacteria at 4, 10, 16, 22, 28, 33, 38, 45 and 50 C for 72 h in 2216EMB. The NaCl range for growth was investigated by using NaCl-free 2216EMB with different NaCl concentrations (0, 0. T on a 2216EMA plate placed in a sealed container with an AnaeroPack-Anaero sachet (Mitsubishi Gas Chemical Company) at 28 C for 7 days. Physiological and biochemical characteristics of strain S35
T were examined using API systems (bio-M erieux). The API ZYM system was used to determine the activity of some enzymes, API 20NE strips were used for testing carbon utilization and API 50CHB was used to examine acid production from various carbohydrates. All experiments were repeated three times.
DNA-DNA hybridization was determined according to the method described by Marmur [23] . The DNA G+C content of strain S35 T was determined by using an HPLC-based method [24] . For quantitative analysis of cellular fatty acids, strain S35
T and the reference strains were cultured on 2216EMA at 28 C for 3 days and fatty acids were analysed by the Microbial Identification System (MIDI) and the Microbial Identification software package (Sherlock version 6.1; MIDI database, TSBA6) [25] . Quinones of strain S35 T were extracted and analysed by HPLC using a C18 ODS column (5 µm, 250Â4.6 mm i.d.) according to Minnikin et al. [26] . Polar lipids were extracted according to the protocol of Minnikin and separated by two-dimensional TLC [26] . Individual lipids were identified by spraying with appropriate reagents. These experiments were simultaneously performed with the reference strains under the same conditions.
Genetic analysis showed that strain S35 T shared 98.55, 97.84 and 97.38 % 16S rRNA gene sequence similarity with the type strains of Alteromonas lipolytica, Alteromonas mediterranea and Aestuariibacter halophilus respectively. Phylogenetic analysis using the neighbour-joining method based on 16S rRNA gene sequences showed that strain S35
T clustered together with Alteromonas lipolytica and fell within the clade formed by recognized species of the genus Alteromonas ( Fig. 1 ). Similar tree topologies were obtained with the maximum-likelihood and minimum-evolution algorithms (Figs S1 and S2, available in the online version of this article). Phylogenetic analysis indicated that strain S35
T was a member of the genus Alteromonas.
Phenotypic analysis showed that like other members of the genus Alteromonas, strain S35
T was rod-shaped with a single polar flagellum (Fig. S3) , Gram-stain-negative and strictly aerobic. Oxidase and catalase were positive. Hydrolysis of starch and Tweens 20, 40, 60 and 80 was positive, while hydrolysis of casein was negative. Strain S35 T grew on 2216EMA at 4-50 C, with optimal growth at 28 C. Strain S35
T grew well at pH 6.0-10.0, with optimal growth at pH 7.0-8.0. Growth occurred in the presence of 0-13 % (w/v) NaCl, with optimal growth at 1-3 % (w/v) NaCl. API ZYM tests showed that strain S35
T produced many enzymes, but did not produce lipid esterase C8, lipid C14, b-glucuronidase or b-glucosidase. However, the three reference strains did produce lipid esterase C8. The results for carbon utilization and acid production from different substrates are shown in Table 1 . In addition, strain S35
T was susceptible to the following antibiotics (µg per disc unless otherwise stated): sulfamethoxazole (25) , chloramphenicol (30), piperacillin (100), amikacin (30), gentamicin (10), kanamycin (30) , neomycin (30) , midecamycin (30), norfloxacin (10), ofloxacin (5), ciprofloxacin (5), erythromycin (15) furazolidone (300) and polymyxin B (300 IU). In contrast, of the three reference strains, Alteromonas lipolytica was resistant to piperacillin, and Alteromonas mediterranea and Aestuariibacter halophilus were resistant to furazolidone; all reference strains were susceptible to sulfamethoxazole, chloramphenicol, norfloxacin, ofloxacin and ciprofloxacin. Although several characteristics of strain S35
T were similar to those of the reference strains, there were clear phenotypic differences between strain S35
T and the reference strains (Table 1) .
T had a cellular fatty acid profile that contained large amounts of straight-chain, unsaturated and hydroxy fatty acids ( Table 2 ). The principal fatty acids detected in strain S35
T were summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !7c; 39.4 %), summed feature 8 (C 18 : 1 !7c and/or C 18 : 1 !6c) (14.0 %) and C 16 : 0 (10.7 %), which were similar to those of the three reference type strains. However, there were differences in the proportions of some fatty acids ( Table 2 ).
The predominant respiratory lipoquinone detected in strain S35 T was ubiquinone 8 (Q-8), in line with all members of the genus Alteromonas [27] . The polar lipids of strain S35 T consisted of phosphatidylethanolamine, phosphatidylglycerol, one unidentified phospholipid and one unidentified lipid (Fig. S4) . Like the three reference type strains, the polar lipid pattern of strain S35
T contained phosphatidylethanolamine and phosphatidylglycerol as the major polar lipids. However, Alteromonas lipolytica was also found to have glycolipid [28] . In addition, one minor lipid was present in strain S35
T , Alteromonas lipolytica and Alteromonas mediterranea, but not in Aestuariibacter halophilus. The polar lipid profiles of strain S35 T and the reference strains are shown in Fig. S4 . The DNA G+C content of strain S35 T was 51.3 mol%, which is similar to those of the reference species of the genus Alteromonas ( [29] . These results indicated that strain S35 T represents a novel species in the genus Alteromonas.
In conclusion, the genetic analyses of our study demonstrated that strain S35 T belongs to the genus Alteromonas.
In addition, strain S35 T was readily distinguished from other
Alteromonas species by several physiological and biochemical features. Thus, we propose that strain S35 T represents a 
Alteromonas marina SW-47 T (AF529060)

Alteromonas tagae BCRC 17571 T (DQ836765)
Alteromonas gracilis 9a2 T (AB920393)
Alteromonas naphthalenivorans SN2 T (GU166736)
Alteromonas addita R10SW13 T (AY682202)
Alteromonas stellipolaris LMG 21861 T (AJ295715)
Alteromonas australica H 17 T (CP008849)
Alteromonas mediterranea DE T (CP001103)
Alteromonas litorea TF-22 T (AY428573)
Alteromonas genovensis LMG 24078 T (AM885866)
Alteromonas hispanica F-32 T (AY926460)
Alteromonas halophila JSM 073008 T (EU583725)
Alteromonas confluentis DSSK2-12 T (KR094792)
Alteromonas lipolytica JW12 T (KX146484)
Alteromonas oceani S35 T (MF687202)
Aestuariibacter halophilus JC2043 T (AY207503)
Aestuariibacter litoralis KMM 3894 T (AB473549)
Aestuariibacter salexigens JC2042 T (AY207502)
Bowmanella denitrificans BD1 T (DQ343294)
Bowmanella pacifica W3-3A T (EU440951)
Glaciecola punicea ACAM 611 T (U85853)
Glaciecola pallidula ACAM 615 T (U85854)
Pseudomonas aeruginosa DSM 50071 T (HE978271)
Alteromonas simiduii BCRC 17572 T (DQ836766) Fig. 1 . Neighbour-joining tree showing the phylogenetic position of strain S35 T . Numbers at branch points are percentage bootstrap values based on 1000 replications, with only values above 50 % being shown. Filled squares indicate that the corresponding nodes were also recovered in the trees generated with the maximum-likelihood and minimum-evolution algorithms. Pseudomonas aeruginosa (HE978271) was used as an outgroup. Bar, 0.02 substitutions per nucleotide position.
novel species of the genus Alteromonas, for which the name Alteromonas oceani sp. nov. is proposed. T . All data are from this study except where indicated otherwise. +, Positive; W, weakly positive; -, negative; PE, phosphatidylethanolamine; PG, phosphatidylglycerol; GL, glycolipid; L, lipid; PL, phospholipid. All strains are positive for the following: oxidase activity; hydrolysis of Tweens 40 and 80 and aesculin; utilization of glucose and ribose; activity of alkaline phosphatase, leucine arylamidase, acid phosphatase, esterase (C4) and naphthol-AS-BIphosphohydrolase; and susceptibility to sulfamethoxazole, chloramphenicol, norfloxacin, ofloxacin and ciprofloxacin. All strains are negative for the following: activity of a-fucosidase and urease; utilization of citrate, lysine and rhamnose; and susceptibility to penicillin, oxacillin, cephalexin, cephradine, cefuroxime, tetracycline, doxycycline and clindamycin. 
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